Even when the rates of the fertilizer were increased to 800 and 1000 kg/ha, respectively in experiment 3, FUE became progressively lower. Effectiveness of both crops with respect to FUE gradually declined with increasing levels of the fertilizer in all the trials. In intercrop, FUE was better for maize when intercropped with egusi-melon at 3:1 ratio than the other ratios in the three experiments. And for egusimelon, FUE was best at the crop mixture of 1:2 in 2011. At each rate of the fertilizer, FUE of sole maize was similar to the value obtained for it in intercrop with egusi-melon at 3:1 ratio in all the experiments; FUE for sole egusi-melon at each fertilizer rate was significantly better (p<0.01) than the corresponding values from it in intercrop with maize in all the cropping ratios in each experiment. The implication of this finding is that egusi-melon is a poor competitor with maize for applied fertilizers and inherent soil nutrients while maize is a better competitor as its intercrop with egusi-melon had no adverse effect on its FUE when compared with sole maize.
INTRODUCTION
Intercropping system involving various crops and their rotations are common practices in the tropical and temperate regions for many reasons (Yamoah et al., 2003) . High and stable yields with enhance income are some of the reasons for the practice in Niger, Burkina Faso, while in the USA, it is used to reduce the levels of diseases and pests infestation. And in Nigeria, it is used to avoid complete crop failure and reduce incidence of weeds, which are added reasons for the practice (Ehigiator, 1998) . Growing crops in mixtures have been ascribed the benefit of improving yield of companion crops in intercrop (Yamoahet al., 2003) and have not received adequate research attention. However, cropping ratios of crops in mixtures with respect to fertilizer useefficiency (FUE) lack research information. Over the years, blanket fertilizer recommendations have been applied to crop mixtures (Fondufe et al., 2001; Agoume and Birang, 2009 ). Fertilizers recommendation is usually based on fertilizer need of the choice of one crop for the other(s) in intercrop; and not supported by any research data. Scarcity of mineral fertilizer and the attendant high cost (Ojeniyi, 2010) are constraints to its use among small scale farmers in Africa (Rahman, 2004) and the use of organic manure is not reliable owing to its limitations including low content and slow release of the nutrients (Onwu et al., 2014; Ehigiator, 1998) . Efficient use of the inorganic fertilizer by crops will be of advantage and profit to farmers.
Maize (Zea mays) and egusi-melon (Colocynthis citrullus) are important crops in Nigeria owing to their food values; hence, they are commonly grown in mixture without reference to cropping ratios and use of fertilizers. This may have accounted for their low yields over the years relative to yield output from similar countries in the tropics or temperate (Nwosu, 2005) . Maize is consumed boiled, roasted or processed into other forms of food and flour for confectionaries. Egusi-melon seeds are important condiments in soups and also processed into vegetable oil for cooking. This informed the objective of this study which was to determine the FUE by maize and egusi-melon in mixtures and various ratios.
MATERIALS AND METHODS
The experiment was conducted under rain fed conditions for three years (2009, 2010, and 2011) at University of Benin (5°04' and 6° 43E, 6° 14'S and 7° 34'N), Nigeria, 500ft above the sea level.The experiment was conducted between March and August each year. The vegetation of the study area is tropical low land rainforest with mean annual rainfall of 2300mm. The predominant weeds at the experimental site prior to cultivation were guinea grass (Panicum maximum) and Chromolaena odorata with sparse population of Centrosema species at the background. The soil of the study area is of the order ultisols (Ojenuga et al., 1981) . The experiment consisted of the combination of seven cropping ratios and four rates of NPK 20:10:10 fertilizer arranged in randomized complete block design. In 2011, the fertilizer rates were increased to six to further determine the optimum level of the fertilizer. The seven cropping ratios of maize and egusi-melon and their corresponding plant populations in each plot were as follows: 1:0, sole maize (64) Adeniran and Wilson (1981) .The experimental area was ploughed, harrowed and marked into 84 plots of 162.2 m 2 each for experiments 1 and 2; and 126 plots (162.2 m 2 each)for experiment 3. In each year, maize and egusimelon either in sole or intercrop were planted at spacing of 75 × 90 cm geometry as recommended by Norman (1992) at 3 seeds/hill in 16.2m 2 plots thinned to 2 seeds/hill at 5 days after seedling emergence.The plots in each experiment were weeded manually three times using hand hoe. Fertilizers were applied to the crops in two equal splits at 3 and 8 weeks after planting (WAP) coinciding with peak of vegetative growth and reproductive stages.
Maize was harvested dry at 85 days after planting; sun dried to 10% moisture content for final grain yield in kg/ha. Egusimelonpods were collected after the vines and leaves had dried completely; the pods were partially split open at tops using cutlass for fermentation to take place before seeds were extracted, washed and sun dried to 12% moisture content to obtain seed yield (kg/ha).
FUE by the crops denotes the kilogrammes of either maize grain or egusi-melon seed produced per kilogram of the applied fertilizer. It was determined by the method described by Yamoah et al. (2003) as:
FUE is a measure of nutrient use efficiency.
The datawas analyzed using the Genstat statistical analysis systems, (SAS, 1990) . Differences between treatments and their interactions were compared using standard errors of the means (SE) least significant difference (LSD).
RESULTS

FUE of maize and egusi-melon intercrop
FUE was generally higher in 2009 and 2010 than in 2011 (Table 1) . Also, FUE was higher in sole cropping of maize andegusi-melon than their intercrop. Both crops effectively utilized the applied fertilizers better at the lower rate of 200 and 400 (kg/ha) of 20:10:10 NPK than the higher rate of 600 kg/ha in 2009 and 2010, respectively. Even when the rates were increased to 800 and 1000 kg/ha, respectively in 2011, FUE became *Corresponding author. E-mail: ehifalodun@yahoo.com. progressively, lower. Thus the effectiveness of both crops in terms of FUE gradually declined with increasing level of fertilizer rates (Table 1 ). In intercrops, FUE was better for maize where both crops were intercropped at 3:1 ratio. For egusi-melon, this was only true in 2009 and 2010as FUE was best at the crop mixture of 1:2 ratio in2011 (Table 1) . At each fertilizer rate, the FUE of sole maize was similar to the value obtained for maize when it was intercropped with egusi-melon at the 3:1 ratio, whereas the FUE for sole egusi-melon at each fertilizer rate was significantly higher (p<0.01) than the corresponding values obtained for intercropped egusimelon at all cropping ratios in each experiment.
Effect of cropping ratios of maize and egusi-melon on yield and yield components of maize
Intercropping maize with egusi-melon significantly reduced the number of ears/m 2 when compared with sole maize (Table 2) in 2009 and 2010 trials. The decrease progressed with increase in the ratio of egusi-melon with maize. Cropping ratio had no significant effect on shelling percentage and seed weight of maize (Table 2) . However, grain yield of maize in 2:1 and 3:1 ratio with egusi-melon were significantly better than those of the other ratios, including the solecrop.
Effect of cropping ratios of maize and egusi-melon on pod yield and yield components ofegusi-melon
Egusi-melon consistently produced more number of pods/m 2 in sole than its intercrop with maize in all the experiments (Table 3) . Values obtain in the mixtures with higher ratios of maize (2:1 and 3:1) were similar to those of the sole crop, while mixture with higher ratios of egusimelon (1:3) severely decreased the number of pods/m 2 as oppose to sole crop. The various cropping ratios had no effect on the shelling percentage and mean seed weight of egusi-melon in each of the experiment (Table  3 ).Significant seed yield/ha differences were obtained with the value for sole crop out yielding those of egusimelon in mixture with maize (Table 3) . Progressive decrease in seed yield/ha of egusi-melon was greater in its higher component with maize particularly 1:3 ratio.
DISCUSSION
FUE which was a measure of nutrient use efficiency was generally higher under intercrop and low rate of 20:10:10 NPK fertilizer than anywhere else in the three experiments.
The FUE was highest under 200kg/ha rate of 20:10:10 NPK fertilizer than the higher rates. The reason being that the low rate of the applied fertilizer (200 kg/ha) was more efficiently utilized with crops, because of reduced competition than the high N rates which tend to enhance relative competitiveness of the maize (Azeez and Adetunji, 2007) ; and also, the high N rates may have Table 3 . Effects of cropping ratios of maize and egusi-melon on pod yield and yield components of egusi-melon.
Parameter
Cropping ratios 0: resulted in wastage either through luxury consumption of the fertilizer by the crops (Brady and Weil, 2004) , therefore, not economical or leaching of the nutrients may have occurred common in areas of high rainfall (Eche et al., 2014) in which the trials were done.It was observed that FUE decreased with an increase in 20:10:10 NPK fertilizer rates even when the rates of the fertilizer were increased beyond 600kg/ha in 2009 and 2010 to 800 and 1000 kg/ha in 2011. Yamoah et al. (2003) had earlier reported similarly that FUE will decrease with corresponding increase in fertilizer rates. Azeez and Adetunji (2007) also reported that N utilization efficiency by maize was the highest under low rate of 30kg/ha than the 90 kg/ha. The report added that N uptake and utilization efficiency at lower N rates was better than at higher N rates. The FUE was higher in 2011 than 2009 and 2010 for maize, while for egusimelon the FUE was higher in experiment 2009 than 2010 and 2011. The implication of this finding is that egusi-melon is a poor competitor with maize for applied fertilizers and inherent soil nutrients, while maize is a better competitor as intercropping it with egusi-melon has no adverse effect on its FUE when compared with sole maize. Increase inthe number of pods/m 2 ,fresh pod weight (kg/m 2 ) and pod dry matter yield were consistent with the previous findings of Ayoola and Adeniyan (2006) who stated that intercropping increases the number of pods and total dry matter yield. The decline in the number of pods and dry matter yield of egusi-melon in its low population with maize (2:1 and 3:1) indicated greater competition for space due to the high population of maize in the mixture (Fondufe et al., 2001) .The result on seed yield of egusimelon indicated that a significantly higher yield would occur from the sole crop, but if the crop is to be intercropped with maize, a 1:1 ratio will do as no yield benefit results from higher components of it with maize. Although maize yield in 1:1 ratio was significantly higher than those from the crop mixtures with high components of egusi-melon, the results indicate that maize yield was adversely affected and declined with progressive increases in its ratio with egusi-melon. This contradicted the results of Ikeogu (2004) , but agreed with findings of Fondufe et al. (2001) and Ayoola and Adeniyan (2006) .
Conclusion
FUE was generally higher under intercrop and low rate of the fertilizer than anywhere else in the three experiments.
The FUE was the highest under 200 kg/ha rate of the fertilizer with yield of sole maize at 34.00kg/kg of the applied fertilizer and 11.11 kg/kg of the fertilizer for sole egusi-melon.
In intercrop, FUE by maize in 3:1 ratio with egusi-melon produced yield of 35.50 kg/kg of the applied. The FUE by maize was the highest in its 3:1 ratio with egusi melon and at 200 kg/ha of the fertilizer; while for egusi-melon, it was 6.60kg/kg of the fertilizer. The FUE by both crops in sole or intercrop decreased with a corresponding increase in applied fertilizer. Grain yield of maize in 2:1 and 3:1 ratio with egusi-melon were significantly better than those of the other ratios including the sole crop.
Egusi-melon was found to be a poor competitor with maize for applied fertilizers. Egusi-melon consistently produced more number of pods/m 2 in sole than its intercrop with maize in all the experiments.Maize was a better competitor with egusi-melon. Intercropping maize with egusi-melon had no adverse effect on its (egusimelon) FUE when compared with the sole maize.
